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(57) ABSTRACT

Disclosed is an X-ray tube thathas a simple configuration and
is capable of irradiating multiple different X-rays while
switching them at a high rate, as well as an X-ray CT device
using the X-ray tube. The X-ray tube comprises first and
second electron generators, a deflection means, and a target.
The deflection means switches the direction in which first and
second electron beams are transmitted between first and sec-
ond directions. The target comprises first, second, third, and
fourth surfaces. The first surface receives a first electron beam
transmitted toward the first direction and irradiates a first
X-ray toward the irradiation field. The second surface
receives a second electron beam transmitted toward the first
direction and irradiates a second X-ray toward a direction
different from the irradiation field. The third surface receives
a first electron beam transmitted toward the second direction
and irradiates the first X-ray toward a direction different from
the predetermined irradiation field. The fourth surface
receives a second electron beam transmitted in the second
direction and irradiates the second X-ray toward the irradia-
tion field.

11 Claims, 7 Drawing Sheets
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FIG. 4A
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FIG. 4B
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1
X-RAY TUBE AND X-RAY CT DEVICE

TECHNICAL FIELD

The present invention is related to an X-ray tube device
used in an X-ray CT device.

BACKGROUND ART

An X-ray computer tomographic device (hereinafter
referred to as “X-ray CT device”) irradiates X-rays toward a
subject and also detects the X-rays that have passed through
the subject. As a result, projection data composed ofthe X-ray
absorption coefficient inside the subject is obtained.

Among X-ray CT devices, there are multi-tube X-ray CT
devices with multiple X-ray tubes (i.e., X-ray tube devices).
Such X-ray devices are capable of generating two different
X-ray images with a single scan by exposing two X-rays with
different energies in alternation. However, a multi-tube X-ray
CT device requires in which multiple X-ray tubes is included,
and as a result, the device scale increases and the manufac-
turing cost also increases.

PRIOR ART DOCUMENTS
Patent Documents

[Patent Document 1] Japanese published unexamined appli-
cation 2010-27340

SUMMARY OF THE INVENTION
Problems to be Resolved by the Invention

The objective of the embodiments of the present invention
is to provide an X-ray tube that has a simple configuration and
is able to irradiate multiple X-rays with different energies
while switching between them at a high rate, as well as an
X-ray CT device using this X-ray tube.

Means of Solving the Problems

To achieve the above objective, the first mode of the present
invention is an X-ray tube comprising a first electron genera-
tor, a second electron generator, a deflection means, and a
target. The first electron generator emits a first electron beam.
The second electron generator emits a second electron beam
that has a different energy from the first electron beam. The
deflection means is configured to be able to switch the direc-
tion in which the first electron beam and the second electron
beam are transmitted to at least either a first direction or a
second direction that is different from the first direction. The
target comprises a first surface, a second surface, a third
surface and a fourth surface. The first surface receives a first
electron beam transmitted toward the first direction and irra-
diates a first X-ray toward a predetermined irradiation field.
The second surface receives a second electron beam trans-
mitted toward the first direction and irradiates a second X-ray
that is different from the first X-ray toward a direction that is
different from the predetermined irradiation field. The third
surface receives a first electron beam transmitted toward the
second direction and irradiates a first X-ray toward a direction
different from the predetermined irradiation field. The fourth
surface receives a second electron beam transmitted toward
the second direction and irradiates the second x-ray toward
the predetermined irradiation field.
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The second mode of the present invention is an X-ray CT
device comprising an X-ray tube and an X-ray detector. The
X-ray tube comprises an irradiation window for irradiating
X-rays toward a subject. The X-ray detector detects X-rays
irradiated from the X-ray tube. The X-ray tube comprises a
first electron generator, a second electron generator, a deflec-
tion means, and a target. The first electron generator emits a
first electron beam. The second electron generator emits a
second electron beam that is different from the first electron
beam. The deflection means is configured to be able to switch
the direction in which the first electron beam and the second
electron beam are transmitted to at least either a first direction
or a second direction that is different from the first direction.
The target comprises a first surface, a second surface, a third
surface and a fourth surface. The first surface receives a first
electron beam transmitted toward the first direction and irra-
diates a first X-ray toward the subject via the irradiation
window. The second surface receives a second electron beam
transmitted toward the first direction and irradiates a second
X-ray that is different from the first X-ray toward a direction
different from the irradiation window. The third surface
receives a first electron beam transmitted toward the second
direction and irradiates the first X-ray toward a direction
different from the irradiation window. The fourth surface
receives a second electron beam transmitted toward the sec-
ond direction and irradiates the second X-ray toward the
subject via the irradiation window. In synchronization with
the switch performed by the deflection means, the X-ray
detector differentiates and detects the first X-rays and the
second X-rays by time division.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11isablock diagram of an X-ray CT device according
to the present embodiment.

FIG. 2A is a pattern diagram of an X-ray tube according to
the present embodiment.

FIG. 2B is a pattern diagram of an X-ray tube according to
the present embodiment.

FIG. 3 is an explanatory diagram of the control timing of
the X-ray CT device according to the present embodiment.

FIG. 4A is a pattern diagram of an X-ray tube according to
a variation.

FIG. 4B is a pattern diagram of an X-ray tube according to
a variation.

FIG. 4C is a pattern diagram of an X-ray tube according to
a variation.

MODES FOR CARRYING OUT THE INVENTION

The X-ray CT device according to the present invention is
described below with reference to FIG. 1. As shown in FIG. 1,
the X-ray CT device includes a gantry 1 that houses a rotating
ring 2, an X-ray tube 3 that generates conical X-ray beams,
and an X-ray filter 4. The gantry 1 has an array-type X-ray
detector 5 that includes detecting elements arranged in one or
two dimensions.

The X-ray tube 3 and the X-ray detector 5 are arranged on
the rotating ring 2 and are positioned on opposing sides across
a subject placed on their side on a sliding bed 6. The X-ray
detector 5 is configured with multiple detecting elements SA.
The X-ray tube 3 faces the subject via the X-ray filter 4. An
X-ray controller 8 generates trigger signals based on the
control of a controller 10. Based on the trigger signals, the
X-ray controller 8 controls the operations and operational
timing of a high-voltage generator 7, a deflection controller
11, the X-ray detector 5 and a data collector 12 based on the
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control of the controller 10. Upon receiving an instruction
from the X-ray controller 8, the high-voltage generator 7
drives the X-ray tube 3. When the output of trigger signals is
started, the high-voltage generator 7 applies a high voltage to
the X-ray tube 3. As a result, X-rays are irradiated from the
X-ray tube 3 toward the subject. A series of operations and the
operational timing thereof are described later together with
the details of the X-ray controller 8.

The X-ray tube 3 according to the present embodiment is
configured to be able to irradiate two X-rays with different
energies while switching them alternately. The following is a
description of the specific configuration of the X-ray tube 3
referring to FIG. 2A and FIG. 2B. FIG. 2A and FIG. 2B are
pattern diagrams showing schematic configurations of the
X-ray tube 3 according to the present embodiment.

As shown in FIG. 2A, the X-ray tube 3 includes electron
generators 31A and 31B, adeflection electrode 32, atarget 33,
a drive member 34, and an irradiation window 35. The target
33 includes a small-diameter surface 331, a large-diameter
surface 332, afirst side surface 333, a second side surface 334,
and a third side surface 335.

The electron generators 31A and 31B each have a filament
311. The high voltage generated by the high-voltage genera-
tor 7 is applied between the filament 311 and the target 33. As
a result, electrons shoot out from the filament 311, and these
electrons collide against the target 33 (anode). As a result,
X-rays are irradiated from the target 33. As shown in FIG. 2A,
the electron beam 50A generated and emitted from the fila-
ment 311 of the electron generator 31A advances linearly
toward a first side surface 333. At this time, the electron beam
50A passes through between the deflection electrode 32.
Similarly, the electron beam 50B generated and emitted from
the filament 311 of the electron generator 31B advances lin-
early toward a third side surface 335. At this time, the electron
beam 50B passes through between the deflection electrode
32.

The deflection electrode 32 is composed of two metal
plates, which are arranged so that the electron beams 50A and
SOB pass through between the two metal layers. When a
voltage is applied to the deflection electrode 32, one of the
metal plates of the deflection electrode 32 becomes an anode
and the other becomes a cathode. In the present embodiment,
the electrode 32 in the upper side in FIG. 2A becomes the
anode and electrode 32 in the lower side. In the following
description, the state in which a voltage is applied to the
deflection electrode 32 is referred to as on, and the state in
which no voltage is applied to the deflection electrode 32 is
referred to as off.

FIG. 2A shows the state in which the deflection electrode
32 is off. As shown in FIG. 2A, when the deflection electrode
32 is off, the electron beams S0A and 50B advance linearly
without being deflected. At this time, the electron beam 50A
advances in the direction of the first side surface 333 and the
electron beam 50B advances in the direction of the third side
surface 335.

Here, reference is made to FIG. 2B. FIG. 2B shows the
state in which the deflection electrode 32 is on. As shown in
FIG. 2B, when the deflection electrode 32 is on, the electron
beams 50A and 50B are refracted. At this time, the electron
beam 50A advances in the direction of the small-diameter
surface 331 and the electron beam 50B advances in the direc-
tion of the second side surface 334.

In this way, by switching on and off, the deflection elec-
trode 32 causes the electron beams S0A and 50B emitted from
the electron generators 31 A and 31B and each filament 311 to
switch and advance in two different directions. The deflection
electrode 32 corresponds to the “deflection means”. Here, in

10

15

20

25

30

35

40

45

50

55

60

65

4

the present embodiment, the electron beams are deflected by
applying a voltage to the deflection electrode 32 to generate
an electrical field, but other methods may be used. For
example, a coil may be arranged to the side of the direction of
advancement of the electron beam and the electron beams
may be deflected by applying a magnetic field to the coil.
Alternatively, both an electrical field and a magnetic field may
be used.

The switching on and off of the deflection electrode 32 is
performed by receiving control signals from the deflection
controller 11 described below (refer to FIG. 1). When the
deflection electrode 32 becomes on, the deflection electrode
32 causes the electron beams 50A and 50B passing through
between the electrodes to refract toward the anode. As a
result, the direction of advancement of the electron beams
50A and 50B is changed. As a result of this change in the
direction of advancement, the electron beam 50A advances in
the direction of the small-diameter surface 331 and the elec-
tron beam 50B advances in the direction of the second side
surface 334. The smaller the refraction angle of the electron
beams 50A and 50B, the responsiveness of the switching on
and off improves. The greater the refraction angle, the direc-
tion of advancement of the electron beams S0A and 50B after
reflection becomes easy to control. Therefore, the refraction
angle of the electron beams 50A and 50B and the installation
positions of the small-diameter surface 331 and the first
through third side surfaces 333 through 335 are determined
by considering the responsiveness of the switching on and off
as well as the ease of control of the direction of the X-rays
irradiated from the target 33.

The irradiation window 35 is provided to output X-rays
irradiated from the target 33 to outside the X-ray tube 3. With
the exception of the irradiation window 35, the inner wall of
the X-ray tube 3 is formed with a material that absorbs X-rays.
As a result, X-rays irradiated from the target 33 are output
toward outside the X-ray tube 3 via the irradiation window 35.

The target 33 is also referred to as an “anode” and is formed
with copper, aluminum or tungsten, etc. The target 33 is an
axial body that rotates about a central axis 341 and has a
rotatable form. The target 33 is configured by including the
small-diameter surface 331 and the large-diameter surface
332. The small-diameter surface 331 and the large-diameter
surface 332 are set so that the central axis 341 perpendicularly
passes through the center of each surface. The first side sur-
face 333, the second side surface 334 and the third side
surface 335 are provided consecutively in this sequence so
that the axis diameter continually increases from the small-
diameter surface 331 to the large-diameter surface 332. At
this time, the first side surface 333, the second side surface
334, and the third side surface 335 are provided so that the
angle formed by each surface relative to the central axis 341
increases in order of the first side surface 333, the second side
surface 334 and the third side surface 335.

As shown in FIG. 2A, the target 33 is arranged so that the
direction in which the electron beams S0A and 50B emitted
from each filament 311 of the electron generators 31A and
31B is parallel with the central axis 341.

The target 33 is arranged so that when the deflection elec-
trode 32 is off, the electron beam 50A advancing linearly hits
the first side surface 333 and the electron beam 50B advanc-
ing linearly hits the third side surface 335. When the electron
beam 50A hits the target 33, X-rays 51A are generated. The
first side surface 333 is formed with a predetermined angle
against the central axis 341 so that the X-rays 51A generated
from the first side surface 333 are irradiated toward the irra-
diation window 35. When the electron beam 50B hits the
target 33, X-rays 51B are generated. The third side surface
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335 is formed with a predetermined angle against the central
axis 341 so that the X-rays 51B generated from the third side
surface 335 are irradiated toward a direction different from
the position where the irradiation window 35 is provided. The
target 33 corresponds to the “X-ray generator”. The first side
surface 333 corresponds to the “first surface™, and the third
side surface 335 corresponds to the “second surface”.

The target 33 is arranged so that when the deflection elec-
trode 32 is on, the electron beam 50A deflected by the deflec-
tion electrode 32 hits the small-diameter surface 331 and the
electron beam 50B deflected by the deflection electrode 32
hits the second side surface 334. The small-diameter surface
331 is formed in a manner wherein the X-rays 51 A generated
from the small-diameter surface 331 are irradiated toward a
direction different from the position where the irradiation
window 35 is provided. The second side surface 334 is
formed with a predetermined angle against the central axis
341 so that the X-rays 51B generated from the second side
surface 334 are irradiated toward the irradiation window 35.
The small-diameter surface 331 corresponds to the “third
surface” and the second side surface 334 corresponds to the
“fourth surface”.

The drive member 34 rotates the target 33 about the central
axis 341. When the electron beams 50A and 50B are continu-
ously irradiated to a specific location, the target 33 melts due
to the high temperature. Therefore, by rotating the target 33
using the drive member 34, the position where the electron
beams 50A and 50B are irradiated is continuously changed
and this prevents the situation in which the electron beams
50A and 50B are irradiated on only a specific location on the
target 33 in each case.

The electron beam 50A enters the first side surface 333 at
a smaller angle than the incident angle of the electron beam
50B relative to the second side surface 334. That is, the area
of the part of the first side surface 333 receiving the electron
beam 50A is greater than the area of the part of the second side
surface 334 receiving the electron beam 50B. Therefore, by
using the electron beam 50A as the electron beam with high
energy from among the electron beams 50A and 50B, it is
possible to reduce temperature increases in the target 33. The
energy of an electron beam is calculated by using the amount
otheat based on either one or both of the voltage applied to the
filament 311 and the voltage between the filament 311 and the
target 33 as well as the irradiation time of the electron beam.

The X-rays 51A and 51B that are irradiated in directions
different from the position where the irradiation window 35 is
provided are not used for imaging. Therefore, the small-
diameter surface 331 and the third side surface 335 do not
necessarily have to always generate X-rays meeting predeter-
mined conditions for imaging. Therefore, for the small-diam-
eter surface 331 and the third side surface 335, materials other
than the copper, aluminum or tungsten described above may
be used. For example, for the small-diameter surface 331 and
the third side surface 335, materials with greater heat resis-
tance than these materials may be used. Moreover, a cooling
part that actively cools the target 33 when the electron beams
50A and 50B are not irradiated may be provided. In this case,
to increase the cooling efficiency, materials with high thermal
conductivity may be used for the small-diameter surface 331
and the third side surface 335.

As described above, the target 33 comprises the small-
diameter surface 331 and the first through third side surfaces
333 to 335. As a result, when the deflection electrode 32 is on,
the X-rays 51A generated from the first side surface 333 are
irradiated from the irradiation window 35 to outside the X-ray
tube 3 (i.e., toward the subject). When the deflection electrode
32 is off, the X-rays 51B generated from the second side
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surface 334 are irradiated from the irradiation window 35 to
outside the X-ray tube 3. In this way, it is possible to switch
the irradiation of the X-rays 51A and 51B at a high speed by
switching the deflection electrode 32 on and off. The X-rays
51A generated from the small-diameter surface 331 and the
X-rays 51B generated from the third side surface 335 hit the
inner wall of the X-ray tube 3 and are absorbed. Conse-
quently, when one of either the X-rays 51A or 51B are irra-
diated from the irradiation window 35 to outside the X-ray
tube 3, it is possible to block the outward irradiation of the
other X-rays from the X-ray tube 3.

The deflection controller 11 receives trigger signals from
the X-ray controller 8. In synchronization with the trigger
signals, the deflection controller 11 applies a voltage to the
deflection electrode 32 of the X-ray tube 3. As a result, the
deflection electrode 32 is switched on and off. The timing of
this switch is described later together with the details of the
X-ray controller 8.

The gantry/bed controller 9 synchronously controls the
rotation of the rotating ring 2 of the gantry 1 and the sliding of
the sliding bed 6. The controller 10 is configured as the
control center of the entire system and controls the X-ray
controller 8, the gantry/bed controller 9 and the sliding bed 6,
and when X-rays are irradiated from the X-ray tube 3, the
rotating ring 2 is rotated through a desired route around the
subject.

The X-ray controller 8 controls the operations and opera-
tional timing of the high-voltage generator 7, the deflection
controller 11, the X-ray detector 5, and the data collector 12.
The following is a description of the X-ray controller 8
together with the operational timings of the high-voltage
generator 7, the deflection controller 11 and the X-ray detec-
tor 5 as well as the operations of the data collector 12 accord-
ing to each timing, with reference to FIG. 3. FIG. 3 is an
explanatory diagram of the control timing of the X-ray CT
device.

The X-ray controller 8 first receives, from the controller 10,
operating conditions for the X-ray CT device input by the
operator. The operating conditions include information indi-
cating tube voltage and irradiation timing (i.e., timing for
switching between the X-rays 51A and 51B) as irradiation
conditions for the X-rays 51A and X-rays 51B. The X-ray
controller 8 outputs the information indicating tube voltage
received from the controller 10 to the high-voltage generator
7. The high-voltage generator 7 determines the applied volt-
age for outputting the electron beams 50A and 50B based on
the information.

Next, The X-ray controller 8 generates synchronization
trigger signals as shown in FIG. 3 based on the information
indicating the timing for switching between the X-rays 51A
and 51B. The X-ray controller 8 outputs the generated trigger
signals to the high-voltage generator 7, the deflection control-
ler 11, the X-ray detector 5 and the data collector 12. The
X-ray controller 8 notifies the deflection controller 11 and the
data collector 12 of the timing for switching between the
X-rays 51A and 51B (i.e., at which timing to switch the
synchronization trigger signals).

When the output of the synchronization trigger signals
from the X-ray controller 8 is started, the high-voltage gen-
erator 7 applies a voltage between each filament 311 of the
electron generator 31 A and 31B and the target 33. As a result,
the electron beams S0A and 50B are output from the electron
generators 31A and 31B, respectively. The output P50A in
FIG. 3 indicates the energy of the electron beam 50A output
from the electron generator 31A. The output P50B indicates
the energy of the electron beam 50B output from the electron
generator 31B.
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The deflection controller 11 receives the synchronization
trigger signals and the timing for switching between the
X-rays 51A and 51B from the X-ray controller 8. The deflec-
tion controller 11 generates the deflection pulse shown in
FIG. 3 in synchronization with the synchronization trigger
signals based on the timing for switching between the X-rays
51A and 51B. The deflection controller 11 outputs the gen-
erated deflection pulse to the deflection electrode 32 of the
X-ray tube 3. Based on this deflection pulse, the deflection
electrode 32 is switched on and off. Thus, the X-rays irradi-
ated from the irradiation window 35 of the X-ray tube 3 are
switched between the X-rays 51A and 51B in correspondence
to the switching between on and off. Specific operational
timings are described below with reference to FIG. 3.

For example, as shown in FIG. 3, between the times t1 to t2,
no deflection pulse is supplied from the deflection controller
11 to the deflection electrode 32. Thus, the deflection elec-
trode 32 is off. In this case, the electron beams 50A and 50B
advance linearly without being deflected. At this time, the
electron beam 50A hits the first side surface 333 and the
electron beam 50B hits the third side surface 335. The X-rays
51A generated when the electron beam 50A hits the first side
surface 333 are irradiated toward the irradiation window 35.
The X-rays 51B generated when the electron beam 50B hits
the third side surface 335 are irradiated toward a direction
different from the position where the irradiation window 35 is
provided. As a result, between the times t1 to t2, the X-rays
51A from the irradiation window 35 are irradiated to outside
the X-ray tube 3.

Next, using the timing of time 12, the output of a deflection
pulse from the deflection controller 11 to the deflection elec-
trode 32 begins. As a result, the deflection electrode 32 is
switched from off to on. Therefore, the electron beams 50A
and 50B that were advancing linearly are deflected by the
electrical field generated in the deflection electrode 32. At this
time, the electron beam 50A hits the small-diameter surface
331 and the electron beam 50B hits the second side surface
334. The X-rays 51A generated when the electron beam 50A
hits the small-diameter surface 331 is irradiated in a direction
different from the position where the irradiation window 35 is
provided. The X-rays 51B generated when the electron beam
50B hits the second side surface 334 is irradiated toward the
irradiation window 35. As a result, the deflection pulse is
output to the deflection electrode 32. During the period from
the times t2 to t3, the X-rays 51B are irradiated from the
irradiation window 35 to outside the X-ray tube 3.

Atthe timing of the time 3, the output of a deflection pulse
from the deflection controller 11 to the deflection electrode 32
is stopped. Therefore, the deflection electrode 32 turns off,
and the X-rays 51A are irradiated from the irradiation win-
dow 35 to outside the X-ray tube 3. In this way, in synchro-
nization with the synchronization trigger signals, the X-rays
51A and the X-rays 51B are irradiated from the X-ray tube 3
while being switched in alternation.

The X-ray detector 5 includes multiple detecting elements
5A. The detecting elements 5A configuring the X-ray detec-
tor 5 are able to measure the intensity of the X-rays 51A and
51B irradiated from the X-ray tube 3 regardless of whether
the subject is or is not interposed between the X-ray tube 3
and the detecting elements 5A.

Each detecting element 5A includes scintillators and pho-
todiodes (PD). Typically, the scintillators and photodiodes
have an equivalent number of elements, and X-rays entering
the scintillators are converted into visible light and then con-
verted into electrical signals by the photodiodes. Further-
more, the electrical signals converted by the photodiodes (i.e.,
the analog output signals) are guided to the data collector 12.
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In this way, the irradiated X-rays 51A and X-rays 51B are
detected by the X-ray detector 5 that operates in synchroni-
zation with the synchronization trigger signals. The X-ray
detector 5 converts the detected X-rays 51A and X-rays 51B
into electrical signals and outputs them to the data collector
12.

The data collector 12 receives the synchronization trigger
signals as well as the timings for switching between the
X-rays 51A and 51B from the X-ray controller 8. In synchro-
nization with the synchronization trigger signals, the data
collector 12 reads out the signals of each detecting element
5A by time division. The data collector 12 differentiates the
signals read out by time division between signals based on the
X-rays 51A and signals based on the X-rays 51B based on the
notified timings for switching between the X-rays 51A and
51B. This operation is described in detail below with refer-
ence to FIG. 3.

As shown in FIG. 3, between the times t1 and t2, because
no deflection pulse is output to the deflection electrode 32, the
X-rays 51A are output from the irradiation window 35 ofthe
X-ray tube 3. At this time, based on notification from the
X-ray controller 8, the data collector 12 recognizes that the
X-rays 51A are irradiated. Therefore, the data collector 12
recognizes and processes the signals read out between the
times t1 and t2 as signals A1 that are based on the X-rays 51A.

Between the times t2 and t3, a deflection pulse is output to
the deflection electrode 32 and the X-rays 51B are irradiated
from the irradiation window 35 of the X-ray tube 3. At this
time, based on notification from the X-ray controller 8, the
data collector 12 recognizes that the X-rays 51B are irradi-
ated. Therefore, the data collector 12 recognizes and pro-
cesses the signals read out between the times t2 and t3 as
signals B1 that are based on the X-rays 51B.

The data collector 12 amplifies each signal read out in
synchronization with the synchronization trigger signals and
converts each of them into digital data. In the following
description, digital data obtained by converting signals based
on the X-rays 51A are referred to as “digital data based on the
X-rays 51A”. Digital data obtained by converting signals
based on the X-rays 51B are referred to as “digital data based
on the X-rays 51B”. The data collector 12 differentiates the
digital data based on the X-rays 51A from the digital data
based on the X-rays 51B and outputs them to a preprocessing
unit 13.

The preprocessing unit 13 differentiates the digital data
based on the X-rays 51A from the digital data based on the
X-rays 51B and receives them from the data collector 12. The
preprocessing unit 13 performs processing such as sensitivity
correction on each of these items of digital data to create
projection data. The preprocessing unit stores each of more
than one projection data into an X-ray projection data
memory 14.

The reconstruction processing unit 15 reads out the projec-
tion data stored in the X-ray projection data memory 14. The
reconstruction processing unit 15 back-projects the projec-
tion data that have been read out to generate X-ray image data
by using a reconstruction algorithm known as the Feldkamp
method, for example. The reconstruction processing unit 15
displays the reconstructed X-ray image data on the display
16.

If it is possible to switch the electron beam irradiated from
the irradiation window 35 between the electron beams 50A
and 50B by switching the deflection electrode 32 on and off,
it is not necessary to ensure that the direction in which the
electron beams 50A and 50B are emitted is parallel to the
central axis 341. For example, it is possible to emit the elec-
tron beams 50A and 50B in different directions that do not to
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interfere with each other. In this case, it is sufficient to adjust
the position and angle of the first side surface 333, the second
side surface 334, the third side surface 335, and the small-
diameter surface 331 based on the direction of emission of the
electron beams 50A and 50B.

Variation

The above descriptions have been of a configuration that
switches between and outputs 2 types of X-rays, but a con-
figuration may be used that allows for the output of 3 or more
types of X-rays. In this case, the number of electron genera-
tors 31A provided is equivalent to the number of types of
X-rays to be output. Moreover, by adjusting the shape of the
side surfaces of the target 33 and the power of the electrical
field generated by the deflection electrode 32, each electron
beam is deflected in multiple directions in stages.

A specific example will now be described with reference to
FIG. 4A to FIG. 4C. Here, an example is described in which
3 types of X-rays (electron beam 50A, electron beam 50B,
and electron beam 50C) are output using 3 electron genera-
tors (electron generator 31A, electron generator 31B and
electron generator 31C). FIG. 4A shows the deflection elec-
trode 32 when it is off. FIG. 4B and FIG. 4C show the
deflection electrode 32 when it is on. In the cases shown in
FIG. 4B and F1IG. 4C, the voltages being applied to the deflec-
tion electrode 32 are reversed in polarity. With regard to the
target 33, in order to make the axis diameter continuously
increase from the small-diameter surface 331 to the large-
diameter surface 332, the fourth side surface 336, the fifth
side surface 337 and the sixth side surface 338 are provided in
series in this order.

As shown in FIG. 4A, when the deflection electrode 32 is
off, the electron beam 50A, the electron beam 50B and the
electron beam 50C advance linearly without being deflected.
At this time, the electron beam 50A advances in the direction
of the fifth side surface 337, the electron beam 50B advances
in the direction of the sixth side surface 338, and the electron
beam 50C advances in the direction of the fourth side surface
336.

On the other hand, as shown in FIG. 4B, when a voltage is
applied to the deflection electrode 32 (i.e., when it is on), the
electron beam 50A, the electron beam 50B and the electron
beam 50C are refracted. At this time, the electron beam 50A
and the electron beam 50C advance in the direction of the
fourth side surface 336 and the electron beam 50B advances
in the direction of the fifth side surface 337.

Furthermore, as shown in FIG. 4C, when a voltage with the
opposite polarity as that shown in FIG. 4B is applied to the
deflection electrode 32 (i.e., when it is on), the electron beam
50A, the electron beam 50B and the electron beam 50C are
refracted. At this time, the electron beam 50A and the electron
beam 50B advance in the direction of the sixth side surface
338 and the electron beam 50C advances in the direction of
the fifth side surface 337.

Inthe case shown in FIG. 4A, the target 33 is arranged such
that the electron beam 50 A that has advanced linearly hits the
fifth side surface 337, the electron beam 50B that has
advanced linearly hits the sixth side surface 338, and the
electron beam 50C that has advanced linearly hits the fourth
side surface 336. When the electron beam 50A hits the target
33, the X-rays 51A are generated. The fifth side surface 337 is
formed with a predetermined angle against the central axis
341 so that the X-rays generated from the fifth side surface
337 (the X-rays 51A in the case shown in FIG. 4A) are
irradiated toward the irradiation window 35. When the elec-
tron beam 50B hits the target 33, the X-rays 51B are gener-
ated. The sixth side surface 338 is formed with a predeter-
mined angle against the central axis 341 so that the X-rays
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generated from the sixth side surface 338 (the X-rays 51B in
the case shown in FIG. 4A) are irradiated in a direction
different from the position where the irradiation window 35 is
provided. When the electron beam 50C hits the target 33, the
X-rays 51C are generated. The fourth side surface 336 is
formed with a predetermined angle against the central axis
341 so that the X-rays generated from the fourth side surface
336 (the X-rays 51C in the case shown in FIG. 4A) are
irradiated in a direction different from the position where the
irradiation window 35 is provided.

Inthe case shown in FIG. 4B, the target 33 is arranged such
that the electron beam 50A and the electron beam 50C that are
deflected by the deflection electrode 32 hit the fourth side
surface 336, and the electron beam 50B deflected by the
deflection electrode 32 hit the fifth side surface 337. In this
case, the X-rays 51B are irradiated toward the irradiation
window 35. The X-rays 51A and the X-rays 51C are irradi-
ated in a direction different from the position where the irra-
diation window 35 is provided.

Inthe case shown in FIG. 4C, the target 33 is arranged such
that the electron beam 50A and the electron beam 50B that are
deflected by the deflection electrode 32 hit the sixth side
surface 338, and the electron beam 50C deflected by the
deflection electrode 32 hit the fifth side surface 337. In this
case, the X-rays 51C are irradiated toward the irradiation
window 35. The X-rays 51A and the X-rays 51B are irradi-
ated in directions different from the position where the irra-
diation window 35 is provided.

In this variation, the fifth side surface 337 corresponds to
the “first surface” and the “fourth surface”, and the fourth side
surface 336 and the sixth side surface 338 correspond to the
“second surface” and the “third surface”. By using a configu-
ration in which multiple electron generators are provided, this
is also applicable to photon counting.

Furthermore, in order to ensure that the X-rays output from
the irradiation window 35 are switched, it is sufficient to
adjust the shapes of the side surfaces of the target 33 in
accordance with each direction. Moreover, the X-rays 51A
and 51B may be generated by providing multiple targets 33
and receiving the electron beams 50A and 50B with different
targets 33. Moreover, the electron beams 50A and 50B that
advance linearly and the electron beams 50A and 50B that are
deflected may be received with different targets 33.

As described above, according to the X-ray CT device of
the present embodiments, it is possible to irradiate multiple
X-rays from a single X-ray tube 3 by switching between them
each time. Therefore, the device does not become complex
and the costis also reduced. Moreover, inthe X-ray CT device
according to the present embodiments, the electron beams
50A and 50B are constantly irradiated, and the X-rays irra-
diated from the irradiation window 35 are switched by
deflecting these. By using such a configuration, it is possible
to electronically control the switching between the X-rays
51A and 51B. As a result, high-rate switching is not able to
perform because synchronization is difficult with mechanical
switching, but high-rate switching is possible with the X-ray
CT device according to the present embodiments. Moreover,
it is not necessary to change the voltage between the filament
311 and the target 33 when switching between the X-rays 51A
and 51B. Therefore, even when switching between the X-rays
51A and 51B, there is no time lag generated during the period
until the change in voltage is completed, and as a result, it is
possible to stabilize the output of the X-rays 51A and 51B. As
a result, it is possible to prevent image degradation that asso-
ciated with switching between X-rays.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
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and are not intended to limit the scope of the inventions.
Indeed, the novel systems described herein may be embodied
in a variety of their forms; furthermore, various omissions,
substitutions and changes in the form of the systems
described herein may be made without departing from the
spirit of the inventions. The accompanying claims and their
equivalents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

DESCRIPTION OF SYMBOLS

1: Gantry

2: Rotating ring

3: X-ray tube

31A, 31B: Electron generator
311: Filament

32: Deflection electrode

33: Target

331: Small-diameter surface
332: Large-diameter surface
333: First side surface

334: Second side surface
335: Third side surface

34: Drive member

35: Irradiation window

4: X-ray filter

5: X-ray detector

6: Sliding bed

7: High-voltage generator

8: X-ray controller

9: Gantry/bed controller

10: Controller

11: Deflection controller

12: Data collector

13: Preprocessing unit

14: X-ray projection data memory
15: Reconstruction processing unit
16: Display

The invention claimed is:

1. An X-ray tube comprising:

a first electron generator configured to emit a first electron
beam;

a second electron generator configured to emit a second
electron beam that is different in energy from the first
electron beam:;

an X-ray generator including a first surface, the X-ray
generator configured to generate a first X-ray upon
receipt of the first electron beam, and generate a second
X-ray upon receipt of the second electron; and

a deflector configured to selectivety deflect the first elec-
tron beam such that the first surface receives the first
electron beam or a surface other than the first surface
receives the first electron beam,

wherein when the first surface receives the first electron
beam, the first X-ray is thereby irradiated toward a pre-
determined irradiation field, and

when the surface other than the first surface receives the
first electron beam, the first X-ray is thereby irradiated in
a direction different from direction of the predetermined
irradiation field.

2. The X-ray tube according to claim 1, wherein

the X-ray generator further includes a fourth surface,

the deflector is configured to selectively deflect the first
electron beam and the second electron beam such that
the first surface receives the first electron beam and a
surface other than the fourth surface receives the second
electron beam, or the surface other than the first surface
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receives the first electron beam and the fourth surface
receives the second electron beam,

when the fourth surface receives the second electron beam,

the second X-ray is thereby irradiated toward the prede-
termined irradiation field, and

when the surface other than the fourth surface receives he

second electon beam, the second X-ray is thereby irra-
diated in a dire n different from dire n of the predeter-
mined irradiation field.
3. The X-ray tube according to claim 1, wherein
when the first surface receives the first electron beam, the
first X-ray is thereby irradiated toward the predeter-
mined irradiation field to outside of the X-ray tube, and

when the surface other than the first surface receives the
first electron beam, the first X-ray is thereby irradiated in
the direction different from the direction of the prede-
termined irradiation field in the X-ray tube.

4. The X-ray tube according to claim 2, wherein

the deflector is configured to simultaneously switch a

direction in which the first electron beam and the second
electron beam are transmitted to either a first direction or
a second direction that is different from the first direc-
tion,

the X-ray generator further includes a second surface and a

third surface,

when the first electron beam and the second electron beam

are transmitted in the first direction, the first surface
receives the first electron beam and thereby the first
X-ray is irradiated toward a predetermined irradiation
field, and the second surface receives the second electron
beam and thereby the second X-ray is irradiated toward
adirection different from direction of the predetermined
irradiation field, and

when the first electron beam and the second electron beam

are transmitted in the second direction, the third surface
receives the first electron beam and thereby the first
X-ray is irradiated toward a direction different from the
direction of the predetermined irradiation field, and the
fourth surface receives the second electron beam and
thereby the second X-ray is irradiated toward the prede-
termined irradiation field.

5. The X-ray tube according to claim 4, wherein the deflec-
tor comprises a pair of electrodes that are capable of forming
an electrical field between each other and are arranged so that
the first electron beam and the second electron beam pass
through between them, and deflects both the first electron
beam and the second electron beam by the electrical field.

6. The X-ray tube according to claim 4, wherein the first
surface receives the first electron beam at an incident angle
different from an incident angle of the second electron beam
transmitted to the fourth surface.

7. The X-ray tube according to claim 6, wherein the deflec-
tor comprises a pair of electrodes that are capable of forming
an electrical field between each other and are arranged so that
the first electron beam and the second electron beam pass
through between them, and deflect both the first electron
beam and the second electron beam by the electrical field.

8. The X-ray tube according to claim 6, wherein a surface
is one of the first surface and the fourth surface and receives
an electron beam with high energy and receives the electron
beam at a shallower incident angle than an other surface.

9. The X-ray tube according to claim 8, wherein the deflec-
tor comprises a pair of electrodes that are capable of forming
an electrical field between each other and are arranged so that
the first electron beam and the second electron beam pass
through between them, and deflects both the first electron
beam and the second electron beam by the electrical field.
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10. An X-ray CT device comprising:

an X-ray tube with an irradiation window from which
X-rays are irradiated toward a subject; and

an X-ray detector configured to detect the X-rays irradiated
from the irradiation window,

wherein the X-ray tube includes:

a first electron generator configured to emit a first elec-
tron beam,

a second electron generator configured to emit a second
electron beam that is different in energy from the first
electron beam,

an X-ray generator including a first surface, the X-ray
generator configured to generate a first X-ray upon
receipt of the first electron beam, and generate a sec-
ond X-ray upon receipt of the second electron beam,
and

a deflector configured to selectively deflect the first elec-
tron beam such that the first surface receives the first
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electron beam or a surface other than the first surface
receives the first electron beam,
wherein, when the first surface receives the first electron
beam, the first X-ray is thereby irradiated toward a
predetermined irradiation field, and
when the surface other than the first surface receives the
first electron beam, the first X-ray is thereby irradiated
in a direction different from direction of the predeter-
mined irradiation field.
11. The X-ray CT device according to claim 10, wherein
when the first surface receives the first electron beam, the
first X-ray is thereby irradiated toward the predeter-
mined irradiation field to outside of the X-ray tube, and
when the surface other than the first surface receives the
first electron beam, the first X-ray is thereby irradiated in
the direction different from the direction of the prede-
termined irradiation field in the X-ray tube.
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